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(54) Displacement control apparatus for variable displacement compressor, displacement 
control method and compressor module 



(57) A displacement control apparatus controls the 
displacement of a variable displacement compressor 
(CP). A drive shaft (1 6) of the compressor (CP) is driven 
by an engine (25). Torque (Tr) acting on the drive shaft 
(16) represents the displacement. The apparatus in- 
cludes a control valve (32), an air conditioner controller 
(80) and a compressor controller (77). The control valve 
(32) changes the compressor displacement. The air 
conditioner controller (80) produces a torque setting sig- 



nal, which represents a target torque (Jr^{), to the com- 
pressor controller (77). The compressor controller (77) 
changes the vah^e opening based on the torque setting 
signal such that the actual load torque (Tr) matches the 
target torque value (Tr^Q^. Accordingly, the compressor 
(CP) is controlled according to the torque. The air con- 
ditioner controller (80) may send the torque setting sig- 
nal to an engine controller (90), which eliminates the 
need for load torque maps. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present Invention relates to a displacement control apparatus for a variable displacement compressor, a 
displacement control method and a compressor module. 

[0002] Atypical refrigerantcircuitof a vehicle air conditioner includes a condenser, an expansion valve, an evaporator 
and a compressor. 

[0003] Variable displacement swash plate type compressors are widely used in vehicle air conditioners. Such com- 
pressors include a displacement control mechanism, which operates to maintain the exit pressure of an evaporator or 
the suction pressure Ps of a compressor associated with the exit pressure at a predetemiined target value (set pres- 
sure). The exit pressure of an evaporator or the suction pressure Ps of a compressor associated with the exit pressure 
reflects the magnitude of the cooling load. The variable control mechanism controls the exit pressure of the evaporator 
or the suction pressure Ps to adjust the Inclination angle of the swash plate of the compressor, which adjusts the 
f5 displacement of the compressor 

[0004] The variable control mechanism Includes an internal control valve and an extemal control valve. The intemal 
control valve has a pressure sensing member such as a bellows or a diaphragm. The valve opening degree Is adjusted 
by sensing the exit pressure of the evaporator or the suction pressure Ps of the compressor with the pressure sensing 
member so that the valve body is positioned accordingly. The pressure in a crank chamber, which accommodates the 
swash plate, is adjusted by the valve opening degree. The Inclination angle of the swash plate is determined by the 
pressure in the crank chamber. A simple internal control valve has only a single set pressure, and such a simple control 
valve cannot perfomi complex control for power consumption. 

[0005] Such compressors are usually driven by vehicle engines. Among the auxiliary devices of a vehicle, the com- 
pressor consumes the most engine power. Accordingly, under exceptional conditions, for example, when the vehicle 
is accelerating or moving uphill, all available engine power needs to be used for moving the vehicle. To reduce the 
engine load, the compressor displacement must be minimized. 
[0006] Japanese Unexamined Patent Publication No. Hei 10-278567 discloses an external control valve in which 
the valve opening degree can be controlled by extemal electric signals. A variable displacement compressor having 
the external control valve Is able to minimize the discharge displacement of the compressor by changing the opening 
30 degree of the external control vah^e. 

[0007] The power that the compressor actually consumes, or the load torque Tr of the compressor, varies greatly In 
accordance with changes in the suction pressure Ps and the discharge pressure Pd of the compressor. To prevent the 
engine from stalling even if the required load torqueTr of the compressor Is Increased, it Is necessary for the compressor 
to be driven at high speed (over a predetemiined value) at all times. However, this Increases the power that the com- 
35 pressor consumes. 

[0008] To reduce the power that the compressor consumes, a controller that controls the engine estimates the load 
torque Tr. The engine output torque Treng. which is the total torque of an engine, is a value obtained by adding the 
required load torque Tr of the compressor to the torque necessary for vehicle travel. When all available engine power 
needs to be used for moving the vehicle, the engine controller Is able to give priority to moving the vehicle usinq this 
40 torque data. 

[0009] The load torque Tr of the compressor has been estimated by the use of an experimentally created map. 
However, since the load torque Tr of a compressor is different depending on the refrigerant circuit to which the com- 
pressor is connected, a map is needed for each air-conditioner, that is, for every type vehicle. This complicates the 
preparation of maps. Further, estimation of the load torque of the compressor from the map Is always required to 
^ improve efficiency. This is also complicated. 

[0010] Further, in an auto air-conditioner, the compressor is controlled by an air controller. In this case, the displace- 
ment of the compressor is controlled based on extemal infomnation such as the temperature In the vehicle passenger 
compartment, and is not controlled based on torque. 

so SUMMARY OF THE INVENTION 

[001 1] Accordingly, it Is an object of the present invention to provide a displacement control apparatus, a displacement 
control method and a compressor module that accurately controls the compressor displacement based on torque. 
Another object of the present invention is to provide a displacement control apparatus and a displacement control 
55 method in which load torque data of a compressor for controlling the displacement of the compressor can also be used 
for controlling an engine and it is not necessary to estimate the load torque of the compressor for every type vehicle 
[0012] To achieve the object, a displacement control apparatus for controlling the discharge displacement of a var- 
iable displacement compressor has a control valve, a first controller, and a second controller. The compressor Is in- 
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corporated in a refrigerant circ vehicle air conditioner and includes a drive shl^oad torque is imposed on 
the dmre shaft by driving the driWiaft with an external drive source. A change in the load torque reflects the control 
of the discharge displacement. 

[0013J The control valve changes the displacement of the compressor by changing the valve opening degree The 
first controller, which is provided outside the compressor, sends a torque setting signal. The torque setting signal indi- 
cates a set torque for controlling the discharge displacement of the compressor. The second controller receives the 
torque setting signal sent from the first controller. The second controller computes an index for changing the opening 
degree of the control valve based on the torque setting signal so that the load torque of the compressor is changed to 
r«L^!!*°?"®" ^ "^^^ °P^"'"9 '^^S'®^ controlled to change the displacement of the compressor 

[0014] A displacement control method for controlling the discharge displacement of a variable displacement com- 
pressor IS also provided. The compressor is incorporated in a refrigerant circuit of a vehicle air conditioner and includes 
a dnve shaft. A load torque is imposed on the drive shaft by driving the drive shaft with an external drive source A 
change In the load torque reflects the control of the discharge displacement. 

[0015] The method comprises detemiining a set torque for controlling the displacement of the compressor outside 
the conripressor. transmitting a torque setting signal indicating the set torque to the compressor, and changing the load 
torque to the set torque by controlling the discharge displacement of the compressor. 

[0016] Acompressormodulecomprisesacompressor.acontrolvah/einthecompressor.andacompressorcontrolte^ 
mounted on the compressor. 

[0017] The compressorfomis part of a refrigerant circuit in a vehicle air conditioner. The compressor includes a drive 
shaft on which a load torque is imposed by an external drive source. The control valve changes the discharge dis- 
placement 0 the compressor by controlling the valve opening degree. The compressor controller receives a torque 
setting signal indicating a set torque from outside the compressor. The compressor controller computes an index for 
changing the control valve opening degree based on the torque setting signal so that the load torque is changed to 
he set torque. The compressor controller sends an instmction to the control valve according to the index. As a result 
the control valve opening degree is controlled to control the displacement of the compressor. 
[0018] Other aspects and advantages of the invention will become apparent from the following description, taken in 
conjunction with the accompanying drawings, illustrating by way of example the principles of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] The invention, together with objects and advantages thereof, may best be understood by reference to the 
following descnption of the presently prefen-ed embodiments together with the accompanying drawings in which: 

Fig. 1 is a circuit diagram of a vehicle air conditioner in which a displacement control apparatus according to the 
35 present invention Is incorporated; a i 

Fig. 2 is a cross-sectional view of a variable displacement compressor; 
Fig. 3(a) is a cross-sectional view of a control vah^e of the first embodiment; 
Fig. 3(b) is a schematic view for explaining forces which act on an operating rod; 
Fig. 4 is a flowchart showing the main routine for the displacement control of the compressor; 
Fig. 5(a) is a cross-sectional view of a control vah/e of the second embodiment; and 
Fig. 5(b) is a schematic view for explaining forces which act on an operating rod. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIIWIENTS 

[0020] First and second embodiments of the present invention will be described with reference to Figs 1 to 5(b) In 
the second embodiment the same or corresponding members are denoted by the same reference numerals, and only 
the differences from the first embodiment will be described. 

(First Embodiment) 

[0021] Asshownin Fig. 1. a refrigerant circuit of a vehicle air conditioner includes a compressor module CPM which 
includes a variable displacement compressor CP and a compressor controller 77 connected the compressor CP and 

Z^^T a T'^''^ """"^^ ^ • '^^"9^^^"* '^'^^^'^ ^ '"^'"'^^^ « condenser 2, an expansion valve 3, an 

evaporator4,alow pressure pipeSforrefrigerant gas. which connects the exit of the evaporator4toasuction chamber 
thl^nH o ^' ^ ^'^^ P'^'^"'^ P'P^ ^' ''^'^^ « '^^^'^'^ chamber 7 of the compressor CP to 

Ln^^fntr' 1" ."'"^'"^ °^ '^"^ ^'^^ P'^'""^^ P'P« * P^°>"ded. Tfie fixed restrictor 8a Is 

nnl. ^^^1 P*""*^ P'*^""* '"''teases the pressure difference 

[0022] The refrigerant gas enters the suction chamber 5 from the evaporator 4 via the low pressure pipe 6 The 
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compressor CP draws and comj^^s the refrigerant gas from the suction chamber 5 i^^charges the compressed 
refrigerant gas to the discharge cUSmber 7. High pressure refrigerant gas In the discharge chamber 7 is supplied to 
the condenser 2 via the high pressure pipe 8. The opening size of the expansion vah^e 3 is automatically feedback 
controlled based on the temperature and pressure of the refrigerant. A temperature sensing cylinder 9 provided down- 
5 stream of the evaporator 4 detects the temperature of the refrigerant. Thus, the expansion valve 3 adjusts the flow rate 
of refrigerant supplied to the evaporator 4 and also directly adjusts the flow rate of refrigerant in the external refrigerant 
circuit 1 . 

[0023] As shown In Fig. 2, the compressor CP Includes a cylinder block 1 1 , a front housing 1 2, which is secured to 
the front end face of the cylinder block 1 1 , and a rear housing 1 4, which Is connected to the rear end face of the cylinder 

10 block 1 1 via a valve plate assembly 1 3. 

[0024] A crank chamber 1 5 is defined between the cylinder block 1 1 and the front housing 1 2. A drive shaft 1 6 extends 
through the crank chamber 15 and is rotatably supported by the cylinder block 11 and the front housing 12 through a 
bearing. A lug plate 1 7 is located in the crank chamber 15 and is secured to the drive shaft 16. 
[0025] A swash plate 1 8, which Is used as a cam plate In this embodiment, Is accommodated In the crank chamber 

IS 15. The swash plate 18 is supported to slide along the axial direction of the drive shaft 1 6 and to incline with respect 
to a plane perpendicular to the drive shaft 1 6. A hinge mechanism 1 9 connects the lug plate 1 7 to the swash plate 1 8. 
The hinge mechanism 19 permits the swash plate 18 to rotate integrally with the lug plate 17 and the drive shaft 16* 
guides the movement of the swash plate 1 8 in the axial direction of the drive shaft 1 6. and guides the inclination of the 
swash plate 18 with respect the drive shaft 16. 

20 [0026] A plurality of cylinder bores 20 (only one shown) are fomned around the axis of the drive shaft 1 6 In the cylinder 
block 11 . A single headed piston 21 is accommodated in each cylinder bore 20. The front and rear openings of the 
cylinder bore 20 are closed by the valve plate assembly 1 3 and the piston 21 , respectively. Each piston 21 defines a 
gas compression chamber in the con-espondlng cylinder bore 20. Each piston 21 Is coupled to the swash plate 18 by 
a pair of shoes 23. The swash plate 1 8 converts rotation of the drive shaft 1 6 Into reciprocation of each piston 21 via 

25 the shoes 23. The lug plate i 7, the swash plate 1 8, the hinge mechanism 1 9 and the shoe 23 function as a variable 
displacement mechanism. 

[0027] The drive shaft 1 6 Is coupled to an engine, which serves as an extemal drive source, via a power transmission 
mechanism 24. The power transmission mechanism 24 includes a belt and a pulley. The power transmission mecha- 
nism 24 may Include a clutch mechanism, such as an electromagnetic clutch, which is capable of engaging or disen- 

30 gaging the compressor by extemal electric control. In this embodiment, the power transmission mechanism 24 has no 
clutch mechanism. Therefore, while the engine 25 is running, the compressor is driven continuously. 
[0028] A suction chamber 5 and a discharge chamber 7 are defined between the valve plate assembly 13 and the 
rear housing 14. The suction chamber 5 fonns a suction pressure zone, the pressure of which is a suction pressure 
Ps. The discharge chamber 7 fonns a discharge pressure zone, the pressure of which is a discharge pressure Pd The 

35 valve plate assembly 13 has suction ports 26 and suction valves 27, which open and close the ports 26, discharge 
ports 28 and discharge valves 29, which open and close the ports 28 corresponding to each cylinder bore, respectively. 
[0029] The Inclination angle of the swash plate 1 8 changes according to the pressure in the crank chamber 1 5 (crank 
pressure Pc). The Inclination angle of the swash plate 18 detemiines the stroke of piston 21 or the displacement of 
the compressor. 

40 [0030] As shown in Fig. 1 , the compressor CP includes a crank pressure control mechanism for controlling the crank 
pressure Pc. The crank pressure control mechanism includes a bleed passage 30. a supply passage 31 and a control 
valve 32. The bleed passage 30 connects the crank chamber 15 to the suction chamber 5 to release refrigerant gas 
from the crank chamber 15. The supply passage 31 connects a second pressure monitoring point P2 in the high 
pressure pipe 8, which is closer to the condenser 2 than the fixed restrictor 8a, to the crank chamber 15 to conduct 
45 the refrigerant gas to the crank chamber 15. The supply passage 31 includes a pressure detecting passage 33 which 
connects the second pressure monitoring point P2 to the control valve 32, and a crank passage 34, which connects 
the control valve 32 to the crank chamber 15. The pressure detecting passage 33 forms an upstream section of the 
supply passage 31 , and the crank passage 34 forms a downstream section of the supply passage 31 . The control 
valve 32 adjusts the flow rate of the high pressure refrigerant gas supplied to the crank chamber 1 5 through the supply 
50 passage 31 to control the crank pressure Pc. 

[0031 ] Fig. 3(a) shows a cross-sectional view of a control valve of the first embodiment of the present invention The 
control valve 32 includes an inlet valve mechanism 51 and a solenoid 52, which Is used as an electromagnetic actuator. 
The inlet valve mechanism 51 adjusts the opening degree of the supply passage 31 . The solenoid 52 exerts a force 
according to the level of an electric current, which Is applied to the inlet valve mechanism 51 , through an operating rod 
53. The operating rod 53 is cylindrical and has a divider 54. a coupler 55 and a guide 57. The end of the guide 57 that 
IS adjacent to the coupler 55 functions as a valve body 56. The cross-sectional area of the coupler 55 Is smaller than 
the cross-sectional area S4 of the valve body 56. 

[0032] The valve housing 58 of the control valve 32 Includes a plug 58a. an upper housing member 58b. whteh 
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houses the inlet valve mechanli 




and a lower housing nnemberSSc, which house! 




;olenoid 52. The plug 58a 



Is threaded into the upper housing member 58b to close an upper opening. A valve chamber 59 and a through hole 
60 connected thereto are defined in the upper housing member 58b. A pressure sensing chamber 61 is defined by the 
upper housing member 58b and the plug 58a. The pressure sensing chamber 61 includes a high pressure chamber 
5 65 and a cranic pressure chamber 66. The through hole 60 connects the pressure sensing chamber 61 to the valve 
chamber 59. The operating rod 53 extends through the valve chamber 59 and the through hole 60 to the pressure 
sensing chamber 61 . The operating rod 53 moves axially such that the valve body 56 selectively connects the valve 
chamber 59 and the through hole 60. The crank pressure chamber 66 is always connected to the through hole 60. 
[0033] A first radial port 62 is fomried in the upper housing member 58b to communicate with the valve chamber 59. 
10 The valve chamber 59 is connected to the second pressure monitoring point P2 through the first radial port 62 and the 
pressure detecting passage 33. Thus, the pressure PdL at the second pressure monitoring point P2 is applied to the 
valve chamber 59 through the pressure detecting passage 33 and the first port 62. A second radial port 63 Is formed 
in the upper housing member 58b to communicate with the crank pressure chamber 66. The second radial port 63 
connects the crank pressure chamber 66 to the crank chamber 1 5 through the crank passage 34. The first radial port 
IS 62, the valve chamber 59, the through hole 60, the crank pressure chamber 66 and the second radial port 63 fomri a 
part of the supply passage 31 within the control valve 32. 

[0034] The valve body 56 of the operating rod 53 is located In the valve chamber 59. The cross-sectional area S3 
of the coupler 55 extending within the through hole 60 is smaller than the cross-sectional area SI of the through hole 
60. The cross-sectional area SI of the through hole 60 is smaller than the cross-sectional area S4 of the valve body 

20 56. Accordingly, the Inner wall of the valve chamber 59, to which the through hole 60 opens, functions as a valve seat 
64 for receiving the valve body 56. The through hole 60 functions as a valve opening, which is selectively opened and 
closed by the valve body 56. When the yaWe body 56 contacts the valve seat 64, the through hole 60 is shut off from 
the valve chamber 59. As shown in Fig. 3, when the valve body 56 is spaced from the valve seat 64, the through hole 
60 is connected to the valve chamber 59. 

25 [0035] The divider 54 of the operating rod 53 is fitted in the pressure sensing chamber 61 . The divider 54 divides 
the pressure sensing chamber 61 into the high pressure chamber 65 and the crank pressure chamber 66. The divider 
54 functions as a partition between the high pressure chamber 65 and the crank pressure chamber 66 and does not 
pennit direct connection between both chambers 65 and 66. The cross-sectional area S2 of the divider 54, which 
functions as the partition, is equal to cross-sectional area SI of the through hole 60. Therefore, the passage within the 

30 pressure sensing chamber 61 , through whtoh the divider 54 is fitted, Is continuous with the through hole 60. 

[0036] A third radial port 67 is defined in the upper housing member 58b to communicate with the high pressure 
chamber 65. The high pressure chamber 65 Is connected through the third port 67 and the passage 68 to the first 
pressure monitoring point PI, or the discharge chamber 7. Thus, the pressure PdH at the first pressure monitoring 
point PI Is applied through the passage 68 and the third port 67 to the high pressure chamber 65. 

35 [0037] A return spring 69 is contained In the high pressure chamber 65. The retum spring 69 urges the operating 
rod 53 to cause the valve body 56 to move away from the valve seat 64. 

[0038] The solenoid 52 is provided with a cup-shaped receiving cylinder 71 fixed In the lower housing member 58c. 
A fixed iron core 70 is fitted in the upper opening of the receiving cylinder 71 . The fixed iron core 70 is a part of the 
inner wall of the valve chamber 59 and also defines a plunger chamber 72 In the receiving cylinder 71 . A movable iron 
40 core 74 is contained in the plunger chamber 72. The fixed iron core 70 includes a guide hole 73, which accommodates 
the guide 57. A slight clearance (not shown) exists between the inner wall of the guide hole 73 and the guide 57. The 
valve chamber 59 and the plunger chamber 72 communicate with each other through the clearance. Thus, the pressure 
in the valve chamber 59, or the pressure PdL at the second pressure monitoring point P2, Is applied inside the plunger 
chamber 72. 

^ [0039] The lower end of the guide 57 extends into the plunger chamber 72. The movable iron core 74 is fixed to the 
lower end of the guide 57. The movable iron core 74 moves in the axial direction integrally with the operating rod 53. 
[0040] A shock absorbing spring 75 is contained in the plunger chamber 72. The shock absorbing spring 75 urges 
the movable iron core 74 and the operating rod 53 toward the fixed iron core 70. The force of the shock absorbing 
spring 75 is less than the force of the return spring 69. Accordingly, when electric power Is not supplied to a coil 76, 

so the return spring 69 moves the movable Iron core 74 and the operating rod 53 to the initial position as shown in Fig. 3 
(a), so that the control valve 32 is fully open. 

[0041] The coil 76 surrounds the fixed iron core 70 and the movable iron core 74. A compressor controller 77 supplies 
electric power to the coil 76 through a drive circuit 78. The coil 76 then generates an electromagnetic force F con-e- 
sponding to the level of the electric power supplied to the coil 76 between the fixed iron core 70 and the movable iron 
S5 core 74. The electromagnetic force F attracts the movable iron core 74 toward the fixed iron core 70 and urges the 
valve body 56 towards the valve seat 64. 

[0042] There are various methods for changing the voltage applied to the coil 76, one of which is to change the 
voltage value itself and another is referred to as duty control. Duty control is employed In this embodiment. Duty control 
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is a method where the ON-tim^B^yc(e of a pulsed voftage, which is turned on ar^^^eriodically, is adjusted to 
modify the average value of the applied voltage. The average value of the applied voltage can be obtained by mu Itlplying 
the ratio of the ON-tlme of the pulsed voltage to the cycle time thereof, i.e., the duty ratio Dt, by the pulsed voltage 
value. The smaller the duty ratio Dt is, the smaller the electromagnetic force F generated between the fixed iron core 
70 and the movable iron core 74 is and the greater the opening degree of the valve is. In contrast, the larger the duty 
ratio Dt Is, the smaller the opening degree of the valve Is. 

[0043] The opening degree of the control vah^e 32 depends on the axial position of the operating rod 53. The axial 
position of the operating rod 53 is detemrilned based on various forces that act axlally on the operating rod 53. These 
forces will be described referring to Fig. 3(b). The downward forces shown in Fig. 3(b) tend to space the valve body 
56 from the valve seat 64 (the valve opening direction). The upward forces shown In Fig. 3(b) tend to move the valve 
body 56 toward the valve seat 64 (the valve closing direction). 

[0044] First, the various forces acting on the portion of the operating rod 53 above the coupler 55, I.e., on the divider 
54, will be described. The divider 54 receives a downward force f I from the return spring 69. The divider 54 also receives 
a downward force based on the pressure PdH in the high pressure chamber 65. The effective pressure receiving area 
of the divider 54 with respect to the pressure PdH of the high pressure chamber 65 is equal to the cross-sectional area 
S2 of the divider 54. The divider 54 also receives an upward force based on the pressure in the through hole 60 (crank 
pressure Pc). The effective pressure receiving area of the divider 54 with respect to the pressure Pc In the through 
hole is equal to the cross-sectional area S2 of the divider 54 minus the cross-sectional area S3 of the coupler 55. 
Provided that the downward forces are positive values, the net force Z F1 acting on the divider 54 can be expressed 
by the following equation 1 . 



2 F1 =PdH • S2-Pc(S2-S3)+f 1 Equation 1 

[0045] Next, various forces that act on the portion of the operating rod 53 below the coupler 55. i.e., on the guide 
57, will be described. The guide 57 receives an upward force f2 from the shock absorbing spring 75 and an upward 
electromagnetic force F from the solenoid 52. The guide 57 also receives an upward force based on the pressure PdL 
in the plunger chamber 72. The effective pressure receiving area of the guide 57 with respect to the pressure PdL In 
the plunger chamber 72 is equal to the cross-sectional area S4 of the guide 57. The guide 57 also receives a downward 
force based on the pressure PdL In the valve chamber 59 and a downward force based on the pressure Pc In the 
through hole 60. The effective pressure receiving area of the guide 57 with respect to the pressure PdL In the valve 
chamber 59 is equal to the cross-sectional area S4 of the guide 57 minus the cross-sectional area S1 of the through 
hole 60. The effective pressure receiving area of the guide 57 with respect to the pressure Pc In the through hole 60 
is equal to the cross-sectional area S1 of the through hole 60 minus the cross-sectional area S3 of the coupler 55. 
Provided that the upward forces are positive values, the net force X F2 acting on the guide 57 can be expressed by 
equation 2. 



2 F2=F+f2-Pc(S1 -S3)-PdL(S4-S1 )+PdL • 84 

=F+f2+PdL • S1 -Pc{S1 -S3) Equation 2 

[0048] The operating rod 53 is integral with the divider 54, the coupler 55 and the guide 57. Thus, the axial position 
of the operating rod 53 is a position where the force S F1 in equation 1 is balanced with the force £ F2 in equation 2. 
When Z F1 = L F2, the following equation 3 is obtained. 



PdH • S2-PdL • SI -Pc(S2-S1 ) = F-f 1 +f2 Equation 3 

[0047] The cross-sectional area S1 of the through hole 60 Is equal to the cross-sectional area S2 of the divider 64. 
Therefore, if S2 is replaced with S1 in equation 3, the following equation 4 is obtained. 



PdH-PdL=(F-f 1 +f2)/S1 Equation 4 

[0048] In equation 4, the (PdH-PdL) on the left side 4 is the pressure difference A Pd between the two points, that 
Is, the first pressure monitoring point P1 and the second pressure monitoring point P2. Also, In equation 4, f 1 , f2 and 
SI are fixed parameters, which are detemilned by the design of the device. The electromagnetic force F Is, however. 
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a variable parameter that chan J^^^pending on the power supplied to the coli 76. EqL^^^4 shows that the operating 
rod 53 operates to change the pressure difference A Pd jn accordance with changes In the electromagnetic force F. In 
other words, the operating rod 53 operates In accordance with the pressure PdH and the pressure PdL, which act on 
the rod 53, such that the pressure difference A Pd, which is determined by the electromagnetic force F, seeks target, 
or set pressure difference A Pds^^. The operating rod 53 functions as a pressure detecting body together with the valve 
chamber 59, the plunger chamber 72 and the high pressure chamber 65 and the like. The pressure difference A Pd is 
expressed the following equation 5 whfch is a function of the input current for the coil 76. 



A Pd=f (I) Equation 5 

[0049] In the first embodiment of the present invention, the position of the operating rod 53, which changes the 
displacement of the compressor, is detemnined by the pressure difference A Pd. 

[0050] Referring to Fig. 1 again, the compressor module CPM includes a suction pressure sensor 41 , a discharge 

IS pressure sensor 42 and a rotation sensor 43, which function as an Infomiatlon detector The suction pressure sensor 
41 detects the suction pressure Ps of the compressor CP, the discharge pressure sensor 42 detects the discharge 
pressure Pd of the compressor CP and the rotation sensor 43 detects the rotational speed Nc (rpm) of the drive shaft 
16. The suction pressure Ps and discharge pressure Pd of the compressor CP and rotational speed Nc of the drive 
shaft 1 6 are sent to a compressor controller 77. 

20 [0051 ] In the compressor controller 77, the load torque Tr of the compressor CP, which acts on the drive shaft 1 6, is 
calculated by using the discharge pressure Pd, the rotational speed Nc, and the discharge gas flow rate Qd as variables. 



Tr = 60/(271 . NC) • [n/(n-1) • Pd • Qd • {1 -(Pd/Ps) + Tloss Equation 6 

25 

[0052] In equation 6, Tloss Is loss torque, n Is specifte heat ratio (for example, for R134a, n=1.03) and Ps is the 

suction pressure Ps of the compressor CP. 

[0053] In equation 6, the discharge pressure Pd, the rotational speed Nc and the discharge gas flow rate Qd are 
variables that greatly influence the load torque Tr. in the present embodiment, to express the load torque Tr more 
accurately, even the suction pressure Ps which has a small effect on the load torque Tr compared with the other 
variables, is used as a variable. 

[0054] The discharge gas flow rate Qd of the compressor, which is the refrigerant discharge amount per unit time 
from the compressor CP to the external refrigerant circuit, is calculated by equation 7, which follows 

35 

Qd = (flow rate coefficient) (restrlctor area). V (2A Pd/ p d) Equation 7 



wherein the pressure difference A Pd can be calculated by the use of the input current I to the coil 76 of the control 
valve 32 as shown in equation 5. The pressure difference A Pd depends on the characteristics of the valve. The specifk: 
weight p d of the discharge gas can be approximated using the discharge pressure Pd detected by the discharge 
pressure sensor 42. 

[0055] In the present embodiment, a fixed restrictor 8a Is provided nearthe compressor CP. Therefore, the pressure 
difference A Pd, the restrictor area and the specific weight p d of the discharge gas can be used to accurately approx- 
imate the discharge gas flow rate Qd. 

[0056] The compressor controller 77 is an electronic control unit for the compressor including a CPU, a ROM, a RAM 
and an input-output interface. The compressor controller 77 stores equation 6. An external controller (for example, an 
air conditioner controller 80) sends torque setting signals to the compressor controller 77. The compressor controller 
77 computes the set pressure difference A Pdget of the control valve 32, which reflects the discharge gas flow rate Qd 
corresponding to the set torque Trg^^ based on equations 6 and 7 to cause the load torque Tr that acts on the drive 
shaft 1 6 and the set torque Tr^^ to coincide based on the torque setting signals. Further, the compressor controller 77 
computes the duty ratio Dt necessary for drive signals sent to the coli 76 to adjust the control valve 32 to produce the 
set pressure difference A Pdsev compressor controller 77 commands the drive circuit 78, and the drive circuit 78 
sends drive signals to the coil 76 at the duty ratio Dt. Thus, the voltage applied to the coil 76 is changed as required, 
and the control valve 32 is controlled to produce set pressure difference A P<i^^, In this specification, the external 
controller produces torque setting signals for the set torque to a controller that computes an index. The index 
controls the control valve from the torque setting signals. The external controller is located outside the compressor 
[0057] The air conditioner controller 80 of the vehicle air conditioner shown In Fig. 1 is an electronic control unit 
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including a CPU 80a, a ROM, a^^and an input-output interface (I/O). The input ter^^^of I/O of the air conditioner 
controller 80 Is connected to a fireTdevice for detecting external infonnation that reflects the refrigerant performance 
required for the refrigerant circuit of an air conditioner. The first device includes an air conditioner switch 81 , which 
turns the air conditioner on and off, a tenriperature adjuster 82, which sets a target temperature in the passenger 
s compartment of the vehicle, and a passenger compartment temperature sensor 83, which detects the temperature in 
the passenger compartment. The temperature adjuster 82 and the temperature sensor 83 are operated by a passenger 
in the vehicle. The air conditioner controller 80 computes an appropriate discharge refrigerant discharge amount for 
the compressor based on the OIM/Off state of the air conditioner switch 81 . the target temperature in the temperature 
adjuster 82 and the temperature in the passenger compartment temperature sensor 83 and computes the correspond- 
'0 ing load torque Tr of the compressor CP from equation 6. 

[0058] The air conditioner controller 80 controls the corresponding drive section (not shown) to maintain a desired 
temperature In the passenger compartment at a target temperature set by the temperature adjuster 82. Then, the drive 
section adjusts the temperature of air exiting from the air conditioner, air flow, air flow patterns and the like. The drive 
section includes a servo motor, a blower motor, and an air mix door driving seivo motor, which drive a door through 
« which internal and external air are exchanged. 

[0059] An engine controller 90 is an electronic control unit for an engine, including a CPU, a ROM, a RAM and an 
input-output interface (I/O). The input terminal of I/O of the engine controller 90 is connected to a second device for 
detecting external infonnation that reflects the load on the engine. The second device includes a vehicle speed sensor 
91 , a rotational speed sensor 92 for detecting the rotational speed Ne of the engine 25, a pedal position sensor 93 for 
detecting the depression degree of an acceleration pedal (gas pedal) of the vehicle and an air pressure sensor 94 for 
detecting the pressure of air being drawn into the engine. To the output terminal of I/O of the engine controller 90 are 
connected a continuously variable transmission 95. an electronic control throttle device 96 provided in the intal<e pas- 
sage of the engine 25, and a fuel injection device 97. 

[0060] The engine controller 90 communicates with the air conditioner controller 80 and receives and sends data 
signals from and to the air conditioner controller 80. The engine controller 90 sends infonnation regarding whether or 
not the vehicle is in an exceptional control mode, to the air conditioner controller 80. In this specification, the "exceptional 
control mode" indicates the following modes: a case where the engine 25 is under a high load such as when climbing 
a case where the vehicle Is being accelerated, such as when overtal<lng another vehicle, and a case where the engine 
25 IS being started. When the air conditioner controller 80 receives the infonnation that a vehicle is in an exceptional 
mode from the engine controller 90, it sets the lowest torque value as a set torque Tr,^,, and at other times (non- 
exceptional mode) the air conditioner controller 80 sets the load torque according to the appropriate discharge gas 
flow rate Qd as the set torque Tr^e,. The selective determination of the set torque Jr^ in the air conditioner controller 
80 will be described. 

[0061] The flowchart of Fig. 4 shows the main routine for controlling the compressor CP displacement. When the 
ignition switch or the starting switch is tumed on, the air conditioner controller 80 starts processing. The air conditioner 
controller 80 perfonns various initial settings in step SI . 

[0062] In step S2, the air conditioner controller 80 waits until the air conditioner switch 81 Is tumed on. When the air 
conditioner switch 81 is tumed on, the air conditioner controller 80 proceeds to step S3. 

[0063] In step S3, the air conditioner controller 80 determines whether or not the vehicle Is in an exceptional mode 
from the signals from the engine controller 90. If the outcome of step S3 is positive, the air conditioner controller 80 
proceeds to step S4 and perfonns an exceptionai control procedure corresponding to the exceptional mode In the 
exceptional control procedure, the air conditioner controller 80 instructs the compressor controller 77 to set the lowest 
torque value as the set torque Trset. 

[0064] If the outcome of step S3 is negative, the air conditioner controHer 80 proceeds to step S5 and perfonns a 
nonnal control procedure. In the nonnal control procedure, the air conditioner controller 80 computes the refrigerant 
discharge amount required for the compressor CP based on information such as theset temperature by the temperature 
adjuster 82 and the detected temperature from the passenger compartment temperature sensor 83 and the like and 
the controller 80 computes the corresponding compressor CP torque Tr. Then, the air conditioner controller 80 inst'ructs 
the compressor controller 77 to set the computed torque Tr as the set torque Jx^^. Further, the air conditioner controller 
80 sends the set torque Ir^^ to the engine controller 90. 

[0065] As described above, the compressor controller 77 subsequently computes the discharge flow rate Qd corre- 
sponding to the torque setting signals Instructed from the alrconditlonercontroller 80, computes the pressure difference 
A Pdgrt of the control valve 32 corresponding to the discharge flow rate Qd, and computes the required Duty ratio Dt 
of the dnve signals that is output to the coil 76 to obtain the set pressure difference A Pd^. The drive circuit 78 that 
received instructions from the compressor controller 77 sends the coil 76 a drive signal according to the duty ratio Dt 
Aocordiiigly. the set pressure difference A Pd„t fs changed to an appropriate value so that the compressor CP is 
operated at the set torque Tr^a,. 

[0066] The position of the operating rod 53 (valve body 56) in the control valve 32, that is. the valve opening degree 
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is determined as follows. 

[0067] If power is not supplied to the coll 76 (duty ratio Dt=0%), the action of the return spring 69 is mainly effected, 
and the operating rod 53 is located at the initial position as shown in Fig. 3(a). At this time, the valve body 56 of the 
operating rod 53 Is furthest from the valve seat 64 so that the opening degree of the control valve 32 is maximized. 

5 [0068] When the power is supplied to the coil 76, the valve body 56 is positioned with respect to the valve seat 64 
so that the upward urging force (F-i-f2) and the downward urging force fi are balanced, and the opening degree of the 
control valve 32 is detemnlned. The amount of refrigerant gas conducted to the crank chamber 15 through the supply 
passage 31 is determined in accordance with the valve opening degree. The crank pressure Pc is adjusted by the 
relationship between the refrigerant gas amount Introduced to the crank chamber 16 through the supply passage 31 

10 and the refrigerant gas amount conducted from the crank chamber 15 through the bleed passage 30. The difference 
between the crank pressure Pc and the internal pressure of the compressor 22 is changed according to the change in 
the crank pressure Pc, and the inclination angle of the swash plate 18 is changed accordingly. When the inclination 
angle of the swash plate 1 8 is changed, the stroke of the piston 21 , that Is, the discharge displacement of the compressor 
CP, is adjusted. 

15 [0069] For example, if the opening degree of the control valve 32 is small, the crank pressure Pc decreases and the 
Inclination angle of the swash plate 18 increases. Consequently, the stroke of the piston 21 increases, and the com- 
pressor CP is operated at a large discharge displacement. On the contrary, If the opening degree of the control valve 
32 is large, the pressure Pc in the crank chamber 1 5 increases and the inclination angle of the swash plate 1 8 decreases. 
Consequently, the stroke of the piston 21 decreases, and the compressor CP is operated at a small discharge dis- 

20 placement. 

[0070] The engine controller 90 calculates the target engine output torque Trgng by the use of infonnation such as 
the depression degree of an acceleration pedal from the pedal position sensor 93, the rotational speed Ne of the engine 
25 from the rotational speed sensor 92 and the set torque Tr^^ received from the air conditioner controller 80 and the 
like. The engine controller 90 controls the engine 25 to obtain the target engine output torque Tr^ng. 
25 [0071] Specif bally, the engine controller 90 determines the target opening degree or size of the throttle valve based 
on the target engine output torque Tr^^g and executes a command to produce the target opening degree to a throttle 
device 96. The throttle device 96 adjusts the opening degree of a throttle valve (not shown) and thus adjusts the intake 
air amount. 

[0072] The engine controller 90 calculates a target fuel injection amount based on the suction air pressure, from the 
30 air pressure sensor 94, and the previously stored theoretical air-fuel ratio and instructs the fuel injection device 97 to 
produce the target fuel injection amount. The fuel injection device 97 injects the target amount of fuel corresponding 
to the instructed theoretical air-fuel ratio Into the fuel chamber of the engine 25 in the suction stroke. 
[0073] The engine controller 90 detennlnes a target value of the target rotational speed Ne^et of the engine 26 based 
on the target engine output torque Trg^g. Further, the engine controller 90 calculates a target transmission ratio based 
35 on the target rotational speed Ne^^^ and the vehicle speed from a vehicle speed sensor 9 1 and instructs the conti nuously 
variable transmission 95 to produce the target transmission ratio. The continuously variable transmission 95 adjusts 
the rotational speed Ne of the engine 25 to the target rotational speed Ue^x by adjusting the pulley ratio (effective 
diameter ratio) of for example the drive pulley to the driven pulley to attain the instructed target transmission ratio. As 
a result, the engine 25 is operated by the combination of the engine output torque Trgng and the rotational speed Ne^^t 
40 from which the optimal fuel efficiency can be obtained. 

[0074] The first embodiment has the following advantages. 

[0075] The air conditioner controller 80 sends torque setting signals for the set torque Jr^^ to the compressor con- 
troller 77 so that the torque Tr of the compressor CP produces the set torque Jr^, Therefore, the air conditioner 
controller 80 Is able to execute accurate control of the compressor displacement based on torque. 

45 [0076] The air conditioner controller 80 also sends the torque signals for the set torque Trg^i to the engine controller 
90. Accordingly, when the engine 25 is efficiently controlled based on the value of the load torque Tr of the compressor 
CP, the engine controller 90 is able to use the set torque Tr^^ from the air conditioner controller 80 as data concerning 
the compressor torque and a load torque estimation map is not needed. This simplifies the control of the engine 25. 
Further, the vehicle air conditioner can be easily applied to various vehicles. 

50 [0077] The controllers 77, 80 and 90 communicate torque information with one another. Therefore, time and effort 
to convert other signals to torque signals are omitted between the controllers 77, 80 and 90, and the control of the 
compressor CP displacement and output of the engine 25 become easier. 

[0078] The air conditioner controller 80 functions as an extemal controller that Instructs the compressor controller 
77 to produce the set torque Tr^^. Thus, a special external controller other than the air conditioner controller 80 is not 
55 needed, which conserves space. 

[0079] The compressor controller 77 computes the set pressure difference A Pds^^ of the control valve 32, which 
corresponds to the set torque Tr^^^ from equations 6 and 7 and then controls the control valve 32 so that the pressure 
difference A Pd of the control valve 32 Is steered to the set pressure difference A Pds^). Since, In the compressor 
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controller 77, the load torque '^''^^^ accurately estimated In spite of the constitution^^^ external refrigerant circuit 
1 of the vehicle air conditioner, tnevehicle air conditioner can be easily applied to various vehicles. 
[0080] In equation 6, the suction pressure Ps of the compressor CP Is used as a variable. Therefore, the computation 
of the set pressure difference A Pdj^t of the control vah/e 32 is highly accurate, and the compressor load torque Tr Is 

5 controlled with high accuracy. 

[0081] The suction pressure Ps and discharge pressure Pd of the compressor CP and the rotational speed Nc of 
the drive shaft 16 are respectively detected by the sensors 41 , 42 and 43 provided in the compressor module CPM. 
Accordingly, all infomiation necessary for controlling the displacement of the compressor CP Is collected by an infor- 
mation detector in the compressor module CPM. As a result, It is not necessary to provide an additional infonnation 

10 detector outside the compressor module CPM. Accordingly, in the air conditioner, it is possible to combine a different 
compressor module CPM of another maker with the refrigerant circuit. 

[0082] The control valve 32 includes the operating rod 53, which mechanically detects the pressure differences A 
Pd across the fixed restrictor 8a. The valve opening degree of the control valve 32 is automatically adjusted based on 
the pressure difference A Pd detected by the operating rod 53, and the set pressure difference A Pd^ which is an 
15 Index for controlling the automatic valve opening degree, is controlled by the amount of current supplied to the coil 76. 
Therefore, the adjustment of the opening degree of the control valve 32 is rapidly carried out. 

(Second Embodiment) 

20 [0083] As shown in Fig. 5, a cylindrical bellows with a bottom 101 , which functions as a pressure sensing member, 
is contained in the high pressure chamber 65. In this embodiment, the operating rod 53 and the bellows 101 function 
as first and second pressure difference detectors, respectively. The top end of the bellows 101 is fixed to a plug 58a. 
The bellows 1 01 divides the high pressure chamber 65 into a first pressure chamber 1 02, which is located Inside the 
bellows 101, and a second pressure chamber 1 03, which is located outside the bellows 101. 

25 [0084] The bottom wall of the bellows 101 is provided with a hole 101a for receiving the operating rod 53, and the 
upper end of the divider 54 of the operating rod 53 is Inserted into the hole 101a. The bellows 1 01 is mounted in the 
high pressure chamber 65 In an elastically compressed manner. The bellows is pressed against the divider 54 by a 
downward force f3 due to this compression through the hole 101a. 

[0085] The first pressure chamber 1 02 is connected to the discharge chamber 7, in which the first pressure monitoring 
30 point PI is located, through a PI port 104 fomied in the plug 68a and a first pressure detecting passage 105. The 
second pressure chamber 103 is connected to the second pressure monitoring point P2 through a radial P2 port 106 
and a second pressure detecting passage 1 07 formed in the upper housing member 58b of the valve housing 58. The 
monitored pressure PdH at the first pressure monitoring point P1 is applied to the first pressure chamber 1 02 and the 
monitored pressure PdL at the second pressure monitoring point P2 is applied to the second pressure chamber 103. 
35 [0086] A supply passage 31 connects the first pressure monitoring point P1 to the crank chamber 1 6. An upstream 
portion of the supply passage 31 connects the first pressure monitoring point PI to the control valve 32 through the 
second port 63 and a downstream portion connects the control valve 32 to the crank chamber 15 through the first port 
62. That Is, in the second embodiment, the direction of refrigerant gas flow through the first and second ports is different 
from that of the first embodiment. 
40 [0087] Between the fixed iron core 70 and the movable iron core 74 in the plunger chamber 72, a coil-shaped spring 
1 08 Is accommodated. The force of the spring 1 08 separates the movable Iron core 74 from the fixed Iron core 70, that 
is, the spring 1 08 spaces the valve body from the valve seat 64. 

[0088] Various forces acting on the divider 64 will be described. The divider 54 receives a downward force f3 from 
the bellows 1 01 . The divider 54 also receives a downward force based on the difference between the downward force 

45 of the pressure PdH In the first pressure chamber 1 02 and the upward force of the pressure PdL in the second pressure 
chamber 103. The effective receiving pressure area of the bellows 101 with respect to the pressure PdH In the first 
pressure chamber 1 02 is equal to the cross-sectional area S5 of the bellows. The effective receiving pressure area of 
the bellows 101 with respect to the pressure PdL in the second pressure chamber 103 is the cross-sectional area S5 
minus the cross-sectional area S2 of the divider 54. Thus, the divider 54 receives a force of PdHxS5-PdL(S5-S2). 

50 When the downward force Is a positive value, the net force Z F1 of the downward forces acting on the divider 54 Is 
expressed by equation 8, which follows 



2 F1=PdH • S5-PdL(S5-S2)-PdH(S2-S3)+f3 

55 

=PdH(S5-S2+S3)-PdL(S5-S2)+f3 Equation 8 

[0089] Next, various forces acting on the guide 57 will be described. The guide 57 receives a downward force f4 
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je^^Lo receives a downward force based on the prei^^^c 



from the spring 108. The guide^^bo receives a downward force based on the prel^^Pd in the through hole 60. 
The pressure PdH of the crank pressure chamber 66 acts on the guide 57. The receiving pressure area of the guide 
57 with respect to the pressure PdH in the through hole 60 is the cross-sectional are SI of the through hole 60 minus 
the cross-sectional area S3 of the coupler 55. The guide 57 further receives an upward force based on the pressure 
Pc in the valve chamber 59. The receiving pressure area of the guide 57 with respect to the pressure Pc in the valve 
chamber 59 is the cross-sectional area S4 of the guide 57 minus the cross-sectional area S1 of the through hole 60. 
When the upward force is positive, the net force £F2 of the upward forces acting on the guide 57 is expressed by 
equation 9, which follows 



Z F2=F-f4-PdH(S1-S3)-Pc(S4-S1)+Pc • S4 

=F-f4-PdH(S1 -S3)+Pc • SI Equation 9 

[0090] As In the first embodiment, the axlal_position of the operating rod 53 is defined at a position where Z F1 in 
equation 8 is equal to Z F2 in equation 9. Provided that X F1 = 2 F2. equation 10 .which follows, can be obtained. 



PdH(S5-S2+S1 )-PdL(S5-S2)-Pc • SI =F-f3-f4 Equation 1 0 

[0091] The cross-sectional area SI of the through hole 60 Is equal to the cross-sectional area S2 of the divider 54. 
Thus, if S2 in equation 10 is replaced with SI , which follows, equation 11 is obtained. 



(PdH-PdL)S5+(PdL-Pc)S1 =F-f3-f4 Equation 1 1 

[0092] As apparent from equation 1 1 , the control valve 32 of the second embodiment positions the operating rod 53 
by a composite effect of a force based on the first pressure difference A Pdl (PdH-PdL) and a force based on the 
second pressure difference A Pd2 (PdL-Pc). That Is, the operating rod 53 is displaced by not only the variation of the 
first pressure difference A Pdl but also by the second pressure difference A Pd2. As described above, the control valve 
32 of the second embodiment positions the operating rod 53 to maintain a constant relationship between the first 
pressure difference A Pdl and the second pressure difference A Pd2 as detemiined by the electromagnetic force F. 
[0093] It Is noted that in the second pressure difference A Pd2, the discharge pressure PdL is significantly larger 
than the crank pressure Pc. Therefore, the second pressure difference A Pd2 may be approximated to the discharge 
pressure PdL. In other words, the operating rod 53 may be positioned by the discharge pressure PdL using the crank 
pressure Pc on the low pressure side. 

[0094] The second embodiment has the following advantages In addition to those of the above-described first em- 
bodiment. 

[0095] The first pressure difference A Pdl , which is the pressure difference across the fixed restrictor 8a, substantially 
reflects the discharge gas flow rate Qd except when the discharge gas flow rate Qd is small. When the discharge gas 
flow rate Qd Is small, the force of first pressure difference A Pdl is too small to position the operating rod 53. The 
control valve 32 in the second embodiment employs, In addition to the first pressure difference A Pdl, the second 
pressure difference A P2. Thus, the operating rod 53 is influenced by the second pressure difference A Pd2, and the 
operating rod 53 Is accurately positioned. This improves the adjustment of the valve opening degree. 
[0096] It should be apparent to those skilled in the art that the present Invention may be embodied in many other 
specific fonns without departing from the spirit or scope of the invention. Particularly, it should be understood that the 
Invention may be embodied in the following fomns. 

[0097] Instead of the separate controllers 77, 80 and 90, one or two controllers, which perfonm the tasks of these 
controllers 77, 80 and 90, may be provided. 

[0098] For example, instead of the compressor controller 77 provided in the compressor module CPM, the air con- 
ditioner controller 80 or the engine controller 90 may perform the functions of the compressor controller 77. In this 
case, the torque setting signals are set in the air conditioner controller 80 or the engine controller 90, and torque setting 
signals are associated with the Index for controlling the control valve. In this case, the CPU memory of the air conditioner 
controller 80 or the engine controller 90 is increased as required. With such a structure, CPU is localized in the air 
conditioner controller 80 or the engine controller 90 thereby simplifying the structure of the air conditioner 
[0099] Furthermore, the engine controller 90 may perform the function of the air conditioner controller 80 that controls 
an engine. Thus, a separate air conditioner controller 80 need not be provided. Additionally, the engine controller 90 
may function as an external controller. When the engine controller 90 functions as the external controller, it sends 
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torque setting signals to the o 




fssor controller 77 to control the control valve 31 




lat the set torque Jr^^ is 



attained. This simplifies, a network stmcture that transmits the control signals between controllers. 
[0100] The air conditioner controller 80 stores the last set torque Tr^^ instead of computing the values of the set 
torque Tr^^^ sent to the compressor controller 77 from the first every time, and may increase or decrease the value by 
5 a predetemnined value to be the next set torque Trs^i. That is, when the discharge displacement of the compressor CP 
is small, a predetenmined value is added to the last set torque Tr^^, and when the discharge displacement of the 
compressor CP is large, a predetermined value is subtracted from the last set torque Tr^i. This simplifies the compu- 
tation of the set torque Tr^. 

[0101] The external controller may be a simple manual adjuster. In this case, the external controller sets the setTrggt 
10 in a simple way instead of computing the set torque Tr^^ by CPU from conditions relating to the temperature from the 
temperature adjuster 82 and the passenger compartment temperature sensor 83. For example, the set torque Tr^ is 
altered stepwise or continuously and sent to the compressor controller 77 by operation of an adjustment knob that sets 
the cooling conditions in a manual air conditioner. In an exceptional control mode, a predetermined minimum set torque 
Tr^x output to the compressor controller 77 by the instruction from the engine controller 90. Signals indicating the 
IS set torque Tr^^^ can also be output to the engine controller 90 for computing the target engine output torque Tr^^g. As 
a result, when the extemal controller is the air conditioner controller 80, the engine controller 90 effectively controls 
the engine 25 based on the operating conditions of the compressor CP without mounting a CPU on the air conditioner 
controller 80. 

[0102] The rotational speed Nc of the drive shaft 16 may be computed in the rotational speed sensor 92 instead of 
20 detecting the rotation sensor 43 in the compressor module CPM. As a result, the rotation sensor is not needed and 
the constitution of the compressor module becomes simple and the cost is reduced. 

[0103] The engine controller 90 receives the torque signals regarding the set torque Tr^^ ^^^^ conditioner 
controller 80. After that, the engine controller 90 judges whether the vehicle is in a nonnal mode or in an exceptional 
mode. Then, as described with reference to Fig. 4, when the vehicle is In an exceptional mode, the set torque Tr^ is 

25 changed to give priority to the vehicle travel, and the torque setting signals regarding the changed set torque Jr^^ may 
be sent to the compressor controller 77. Even if the vehicle is In an exceptional mode, the engine controller 90 need 
not necessarily be operated at the minimum displacement of the compressor CP, and the maximum torque in the 
allowable range that can be applied to the compressor CP may be the set torque Tr^^ compressor CP. As a 
result, the control time can be shortened and the air conditioner can be efficiently operated. 

30 [0104] The compressor controller 77 may output signals conceming the load torque value Tr to the engine controller 
90. In this case, the receipt of the torque setting signal regarding the set torque Tr^^ the compressor controller 77 
and control of the control valve 32 is delayed. However, the engine controller 90 is able to compute the target engine 
output torque Tr^ng by using the actual load torque Tr, which is more accurate than the set torque Tr^Qi. Accordingly, 
the engine 25 can be further efficiently controlled. 

35 [0105] An external controller other than the airconditionercontroller 80 and the engine controiler90 may be provided. 
The extemal controller judges whether any one of the operation torque values, which both the air conditioner controller 
80 and the engine controller 90 respectively require of the compressor module CPM, is preceded, and sents the com- 
pressor controller 77 the set torque Tr^^. 

[0106] The compressor controller 77 Is located at the suction pressure zone or near the suction pressure zone of 
40 the compressor CP. As a result, the compressor controller 77 is cooled by the suction refrigerant, the temperature of 
which Is comparatively low. 

[0107] In the compressor controller 77, when the suction pressure Ps from the suction pressure sensor 41 falls below 
a predetemnined value, the load torque Tr of the compressor CP may be reduced regardless of the set torque Trget 
instructed from the air conditioner controller 80. 
45 [0108] In the control valve 32 in the second embodiment, the pressure of the second pressure difference A P2 may 
be the suction pressure Ps, which is lower than the crank pressure Pc, In place of the crank pressure Pc. In this case, 
the effect of the discharge pressure PdL becomes more predominant and the adjustment of the valve opening degree 
in a case where the discharge gas flow rate Qd is low, is further improved. 

[01 09] In the second embodiment, the discharge pressure sensor 42 of the compressor module CPM, which detects 
50 the discharge pressure Pd, may be removed to fix the value of the discharge pressure Pd In equation 6. This simplifies 
the computing by the compressor controller 77 thereby reducing the cost of the compressor module CPM. The reason 
why the discharge pressure Pd need not be used as a variable In equation 8 is that, in the second embodiment, the 
input current value I into the coil 76 is expressed by a fixed relationship between the first pressure difference A Pd1 , 
which is reflected by the discharge gas flow rate Qd, and the second pressure difference A Pd2, which is controlled 
55 by the discharge pressure PdL. In this case, the discharge gas flow rate Qd and the discharge pressure PdL are indirect 
variables in equation 6 (for example, Tr=U (2 n « Nc) and L = a x l+b; a and b each are constant). 
[01 1 0] The control valve 32 may be a so-called discharge side control valve that controls the opening degree of the 
bleed passage 30 Instead of adjusting the opening degree of the supply passage 31 . 
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[Oil 1] Therefore, the presen^^ples and embodiments are to be considered as i^^ltive and not restrictive and 
the invention is not to be limitedlSThe details given herein, but may be modified within the scope and equivalence of 
the appended claims. 

[01 12] A displacement control apparatus controls the displacement of a variable displacement compressor (CP) A 
dnve shaft (1 6) of the compressor (CP) Is driven by an engine (25). Torque (Tr) acting on the drive shaft (1 6) represents 
the displacement. The apparatus includes a control valve (32), an air conditioner controller (80) and a compressor 
controller (77). The control-valve (32) changes the compressor displacement. The air conditioner controller (80) pro- 
duces a torque setting signal, which represents a target torque (Tr^^, to the compressor controller (77). The compres- 
sor controller (77) changes the vahre opening based on the torque setting signal such that the actual load torque (Tr) 
matches the target torque value (T r^. Accordingly, the compressor (CP) is controlled according to the torque The 
air conditioner controller (80) may send the torque setting signal to an engine controller (90). which eliminates the need 
for load torque maps. 



Claims 



4. 



A displacement control apparatus for controlling the discharge displacement of a variable displacement compres- 
sor, wherein the compressor (CP) Is incorporated in a refrigerant circuit of a vehicle air conditioner and includes 
a dnve shaft (1 6), wherein a load torque (Tr) is imposed on the drive shaft (1 6) by driving the drive shaft (16) with 
an external drivesource (25), and a change in the loadtorque (Tr) reflects the control of the discharge displacement 
the displacement control apparatus being ' 
characterized by: 

a control valve (32) for changing the displacement of the compressor (CP) by changing the valve openinq 
degree; r » 

a first controller, which is provided outside the compressor (CP), for sending a torque setting signal, which 

indicates a set torque (Tr^) for controlling the discharge displacement of the compressor (CP); and 

a second controller (77, 80, 90) for receiving the torque setting signal sent from the first controller, wherein 

the controller (77. 80. 90) computes an index for changing the opening degree of the control valve based on 

the torque setting signal so that the load torque (Tr) of the compressor (C P) is changed to the set torque (Tr ^ 

and as a result, the control valve opening degree Is controlled to change the displacement of the compressor 

(CP). 

The displacement control apparatus according to claim 1 . characterized in that the second controller (77 80 90) 
Is a compressor controller mounted on the compressor (CP). ' ' 

The displacement control apparatus according to claim 1 or 2. characterized in that the apparatus further com- 
pnses an air conditioner controller (80) for controlling the air conditioner, and a detection device (81 82 83) which 
is connected to the air conditioner controller (80), for detecting infomiation concerning the refrigerant perforinance 
required of the refngerant circuit of the air conditioner, wherein the air conditioner controller (80) determines the 
set torque (rr^{) based on the infomiaton. 

The displacement control apparatus according to claim 2 or 3. characterized in that the external drive source 
(25) IS an engine (25). and that the apparatus further comprises an engine controller (90) for controlling the engine 
(25). wherein the first controller also sends the torque setting signal to the engine controller (90). 

The displacement control apparatus according to claim 2, characterized in that the external drive source (25) is 
an engine (25), and that the apparatus further comprises: 

an air conditioner controller (80) for controlling the air conditioner; 

a first detecting device (81 , 82, 83). which is connected to the air conditioner controller (80). for detecting the 
infomiation concerning the refrigerant perfomiance required of the refrigerant drcuit of the air conditioner, 
wherein a first set torque (T r^^,) Is calculated by the air conditioner controller (80) based on the informatiori 
detected by the first detecting device (81 , 82, 83); 
an engine controller (90) for controlling the engine (25); and 

a second detecting device (91 , 92, 93. 94). which is corinected to the engine controller (90). for detecting the 
nfonnation concerning a load (Tr,„g) imposed on the engine (25), wherein a second set torque (Tr^,) Is de- 
temiined by the engine controller (90) based on the information detected by the second detecting device (91 
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92, 93, 94), wherein th^^ontroller determines the torque setting signal bJ^ln one of the first set torque 
and second set torque (Tr^,) . 

The displacement control apparatus according to any one of claims 1 to 5. characterized in that the first coritroller 
IS the air conditioner controller (80) or the engine controller (90). 

A displacement control method for controlling the discharge displacement of a variable displacement compressor 
wherein the compressor (CP) is incorporated in a refrigerant circuit of a vehicle air conditioner and includes a drive 
shaft (1 6). wherein a load torque is imposed on the drive shaft (1 6) by driving the drive shaft (16) with an external 
drive source (25), and a change in the load torque (Tr) reflects the control of the discharge displacement, the 
method being characterized by: 

detemiining a set torque (T r^^) for controlling the displacement of the compressor (CP) outside the compressor 
(CP) J and 

transmitting a torque setting signal indicating the set torque (Jr^eO to the compressor (CP); and 
changing the load torque (Tr) to the set torque (Jr^ by controlling the discharge displacement of the com- 
pressor (CP) based on the torque setting signal. 

The method according to claim 7. characterized In that the set torque (Tr^) is detemiined based on information 
concerning the cooling pert omfiance required of the airconditioner or infoimation reflecting the load (Tr.„„) imposed 
on the external drive source (25). » eng/ k « 



9. The method according to claim 7 or 8, characterized in that the method further comprises computing the load 
(Tfeng) imposed on the external drive source (25) by the compressor (CP) using the set torque (Tr^). 

10. The method according to claim 7, characterized in that the step of changing the load torque (Tr) to the set torque 

(Trset) comprises: » / ^ 

detecting a pressure difference (A Pd) between the pressures at the two pressure monitoring points (P1 P2) 
in the refngerant circuit, wherein the pressure difference (A Pd) reflects the load torque (Tr)- and 
changing the pressure difference (A Pd) between the two pressure monitoring points (Pi', P2) to a target 
pressure difference (A Pd^, wherein the target pressure difference (A Pd^ corresponds to the set torque 
(Trset). 

11 . The rnethod according to claim 7. characterized In that the step of changing the load torque (Tr) to the set torque 
CTiset) comprises: 

detecting a first pressure difference (A Pdl) between the pressures at the two pressure monitoring points (PI 
P2) in the refrigerant circuit, 

detecting a second pressure difference (A Pd2), which is different from the first pressure difference (A Pd1) 
between two pressure monitoring points (7, 15), wherein the first and the second pressure difference (A Pdl ' 
A Pd2) reflects the load torque (Tr); and 

changing the first and second pressure difference (A Pd1, A Pd2) to target pressure differences (A Pd .) 
wherein the target pressure differences (A Pd^ correspond to the set torque (Jr^^. 

12. A compressor nnodule characterized by: 

ac»mpressor(CP). which forrns part ofarefrigerant circuit inavehicleairconditioner, wherein thecompres 
(CP) includes a drive shaft (16) on which a load torque (Tr) is imposed by an external drive source (25)- 
a control valve (32) located in the compressor (CP) for changing the discharge displacement of the compressor 
(CP) by controlling the valve opening degree; and 

a compressor controller (77) mounted on the compressor (CP), wherein the compressor controller (77) re- 
ceives a torque setting signal indicating a set torque (Tr^,,) from outside the compressor (CP), wherein the 
compressor controller (77) computes an index for changing the control valve opening degree based on the 
torque setting signal so that the load torque (Tr) is changed to the set torque (Tr^^t). wherein the compressor 
controller (77) sends an instruction to the control valve (32) according to the index, and as a result, the control 
valve opening degree is controlled to control the displacement of the compressor (CP) 
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13. 



The compressor module 




ig to claim 12, characterized In that the moduli 



ler comprises: 



a crank chamber (15) through which the drive shaft (16) passes; 

a cam plate (1 8) that inclines with respect to the drive shaft (1 6) and rotates integrally with the drive shaft (1 6) 
in the crank chamber (15); and 

a piston (21), which is cooperatively coupled with the cam plate (18), wherein the piston (21) reciprocates in 
a compressing chamber (22), wherein the stroke of the piston (21) reflects a compressor displacement and 
is changed by a change in the inclination of the cam plate (18) In accordance with the pressure of the crank 
chamber (15), 

wherein the control valve (32) controls the pressure (Pc) in the crank chamber (15) by adjusting the valve 
opening degree and the compressor controller (77) uses an equation representing the relationship between 
a plurality of variables and a set torque (Vr^) to compute an Index of the vah^e opening degree for a set torque 
(Tr^t), and the variables Include the discharge pressure (Pd) of the compressor (CP), the rotational speed 
(Nc) of the drive shaft (16) and the discharge gas flow rate (Qd). 

14. The compressor module according to claim 13 characterized In that the module further comprises an infonnation 
detector (41 , 42, 43) for determining values of the variables. 

15. The compressor module according to claim 13, characterized in that the variables include the suction pressure 



16. The compressor module according to claim 13, characterized in that the index indicates the pressure difference 
(A Pd) between two pressure monitoring points (PI , P2) in the refrigerant circuit, and the refrigerant circuit has a 
condenser (2) connected to the compressor (CP) through a high pressure pipe (8), and the compressor (CP) 
discharges refrigerant gas through the compressing chamber (22) In accordance with the stroke of the piston (21 ), 
and the compressor (CP) has a discharge chamber (7) connected to the high pressure pipe (8), the high pressure 
pipe (8) being located between the discharge chamber (7) and the condenser (2), wherein a restrictor (8a) is 
located In the high pressure pipe (8), and the control valve (32) includes a pressure difference detector for me- 
chanically detecting the pressure difference (A Pd) between the pressures across the restrictor (8a), the valve 
opening degree being adjusted based on the pressure difference (A Pd) detected by the pressure difference de- 
tector. 

17. The compressor module according to claim 16, characterized in that the pressure difference (A Pd) is a first 
pressure difference (A Pd 1 ) and the pressure difference detector is a first pressure difference detector (53), wherein 
the control valve (32) includes a second pressure difference detector (101) for mechanically detecting a second 
pressure difference (A Pd2), which is different from the first pressure difference (A Pdt), wherein the valve opening 
degree is adjusted by a fixed relationship between the first pressure difference (A Pd1) and the second pressure 
difference (A Pd2), wherein the second pressure difference (A Pd2) is based on discharge pressure (Pd). 
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Fig. 3(a) 
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cludes a control valve (32), an air conditioner controller 
(80) and a compressor controller (77). The control valve 
(32) changes the compressor displacement. The air 
conditioner controller (80) produces a torque setting sig- 



nal, which represents a target torque (Trget), to the com- 
pressor controller (77). The compressor controller (77) 
changes the valve opening based on the torque setting 
signal such that the actual load torque (Tr) matches the 
target torque value (Tr^^. Accordingly, the compressor 
(CP) Is controlled according to the torque. The air con- 
ditioner controller (80) may send the torque setting sig- 
nal to an engine controller (90). which eliminates the 
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